SUMMARY The intersubject and intrasubject reproducibility of the VEP was evaluated using two different methods of producing pattern reversal-a mirror/projector system and a light-emitting diode (LED) system. Intersubject reproducibility was determined in 100 normal subjects (50 males, 50 females). Ten subjects were studied on ten different occasions over 11 months to establish intrasubject reproducibility. The two methods gave comparable results. It is concluded that the mirror/projector system has no advantages over the LED system, which is cheaper, more robust and more convenient. Most of the intersubject variability was found to be due to subject variables and it is concluded that technical improvements are unlikely to reduce further the variability of the test. A variability in the latency of P100 of up to 7-7 ms was recorded in the serial studies on the ten subjects, indicating that in longitudinal studies on patients, changes in latency must exceed 9-10 ms to b_ significant. With both stimulus systems, there were significant sex-related differences in latency (P50 and P100 but not N70) and amplitude (N7-P100). The extent of the difference was such that the upper limit of normal latency for P100 (2.5-3 SD from the mean) was 4-2-4-7 ms longer for males than females-a value which exceeds 1 SD. Separate control values for males and females are advisable whichever method is used to produce pattern reversal.
Since the studies of Halliday and colleagues' 2 the assessment of visual pathways using a reversing check pattern has become an almost obligatory component of the diagnostic work-up for patients with suspected multiple sclerosis. Many commercial firms now offer and many laboratories, particularly in the USA, have adopted a television system as visual stimulator instead of the original mirror/ projector system used by Halliday's group. However when tested on the same subjects the variability of the visual evoked potential (VEP) produced by the television system is greater than that produced by the mirror/projector system,3 so that this preference could compromise the diagnostic efficacy of the test. Light-emitting diodes (LEDs) have potential advantages over both a television screen and the original mirror/projector system. A visual pattern stimulator using round LEDs4 has produced results comparable to those of the mirror/projector system in one small series.5 However, if the stimulator was constructed using square LEDs,6 a more equitable comparison with the mirror/projector system would be possible. Such a stimulator has produced results apparently as satisfactory as those with the TV stimulator,7 although a detailed comparison was not undertaken.
If the choice of a pattern stimulator is determined by convenience and utility rather than proven low intersubject and intrasubject variability, the diagnostic precision of the test suffers. At the present time, there are no data indicating that other pattern stimulators can reproduce the low intersubject variance of the original mirror/projector system. Such data can be obtained only by comparing different stimulators in the same subjects under identical test conditions. Intrasubject variability is as critical as intersubject variability, particularly now that longitudinal studies are being performed on patients. However, there are few details on the reproducibility of results in normal subjects in the neurological literature, apart from the report of The present study was undertaken, firstly, to compare the mirror/projector system with a LED system in normal subjects, secondly, to check the reproducibility of the findings with each stimulator in the same subjects on separate occasions and, thirdly, to determine whether there are significant differences between the sexes in the VEP.
Methods
Subjects The study population consisted of 50 male and 50 female subjects, aged 18-40 years. This age group was chosen because it corresponds to the age range for presentation of most patients with multiple sclerosis and because the latency of P100 does not change with age in this range.9' The subjects were healthy volunteers with no history of neurological or ophthalmological disorders. Fifteen wore spectacles during the tests to correct refractive errors. To determine reproducibility, five male and five female subjects were tested with both stimulators on 10 separate days over 11 months. Experimental procedures The subjects were tested when lying supine on a comfortable bed with the head supported by pillows so that the neck flexed to 30°, a posture standard in our laboratory because severely incapacitated patients often experience difficulty in maintaining head and trunk stability when sitting. The screens of both stimulators were positioned so that each square subtended an angle of 10 at the retina, the overall screen size being 310 square and 120 square for the mirror/projector system and the LED system respectively. Stimulation of each eye was performed separately with vision of the other eye occluded by an eye shade. Pattern reversal occurred at 2/s for each system. The ambient room luminance was 100 cd/M2 throughout the series.
The evoked potential was recorded using a pair of subcutaneous needle electrodes, the active at Oz and the reference at Fz. The amplifer band-width was 1-6 Hz-1-6 kHz. Two runs, each containing 256 responses, were summed using a fixed-programme averager with automatic overload rejection (Medelec DAV62 and AX6). The sampling rate was 1-7 kHz. Each sweep and the updated average were monitored continuously on an oscilloscope. Analysis Measurements were made following summation of the two averages. The latencies of P50 (when present), N70 and P100 were measured using a cursor. The amplitude of P100 was measured from the preceding negative peak (N70), as in fig 1. The inter-ocular latency difference in any one subject was calculated as longer latency minus shorter latency (regardless of actual size), and the symmetry of the amplitude of P100 in any one subject was 
Results
Apart from latency and amplitude (see below), there were no consistent differences in the formats of the VEPs produced by the two stimulus systems-black-white pattern shift with the mirror/ projector system, and black-red pattern alternation with the LED system. The primary aims of this study were (1) to compare the two methods of producing a visual evoked potential and (2) to investigate sexrelated differences in the VEP.
The values for P100, the interocular difference, and the amplitude ratio are given in table 1 for each eye. If the values for the right and left eyes are averaged, the mean latencies of P100 were 97*4 + 3-94 ms for the LED system and 98-2 + 3.51 ms for the mirror/projector system. The latencies for P50 and N70 were also shorter using the LED system, by an average of 1-4 ms and 2-8 ms, respectively. The difference in the size of the discrepancy in the mean latencies of P50, N70 and P100 with the two systems was not due to greater variability of N70 (see table   3 ) and is consistent with the view that the successive waves of the VEP do not represent sequential activation of a chain of potential generators.'3
The differences in the amplitude N70-P100 with the two systems were investigated further in a subgroup of 13 subjects. With the mirror/projector screen of normal size (310, 961 checks) the amplitude of the potential was 9-0 + 3-26,V, significantly different (p < 0.02) from the amplitude produced by the LED system (mean 7-6 + 2-3 AV).
When the number of visible checks on the mirror/ projector screen was reduced to 144 (the same number visible with the LED system) the amplitude of the response was reduced to 7*0 + 2-45 ,uV. This value does not differ significantly from that produced by the LED system.
INTERSUBJECT REPRODUCIBILJTY
A difference in mean latency of P100 with the two systems does not indicate that one system is preferable to the other: the important parameter is the variance of the mean latency, not its absolute value. The smaller the standard deviation, the tighter the range of normality and the greater the potential diagnostic efficacy of the test. As shown in table 1, the variability of the mean latency of P100 was slightly smaller for the mirror/projector system. Analysis of variance using the " F" test revealed that the small differences in the standard deviations were not significant. The difference in the standard deviations (0.3-0.5 ms) amounts to only 0-5-1-0 averag- In either case the difference between the upper limits of normality for males and females (4-7 and 4*2 ms) exceeds 1 standard deviation.
The amplitude (N70-P100) also differed significantly between the sexes, with both stimulators. The model values were similar (7 ,uV), the higher mean amplitude of the VEP in females being due to a more skewed distribution, containing a greater number of large-amplitude potentials. In the low-amplitude range, the distributions for males and females were very similar.
Differences between the sexes tend to disappear in data on interocular symmetry. Nevertheless, the upper limits of the normal interocular latency difference (mean plus 3 SD) differ slightly for males and females: with the LEDs, 5-0 ms and 3-9 ms; with the mirror/projector, 4-7 ms and 3-6 ms respectively. Similarly, sex-related amplitude differences tend to Significant sex-related differences were also found in the latency of P50 but not of N70 (table 3) . The two stimulators yielded essentially identical findings.
The absence of a sex difference for N70 cannot be attributed to a higher variability of the mean latency because the standard deviations for the three peaks are comparable (see table 3 ). In addition, there is not an orderly progression of increasing discrepancy between males and females for P50, N70 and P100. These findings support the view that the peaks P50, N70, P100 (and N 135) do not result from sequential activation of a chain of neural generators.
Discussion
The present study has shown that there are no important differences between a LED stimulator and a mirror/projector stimulator for patternreversal VEPs, at least in a normal population. The results with the two systems are equally reliable and reproducible. In addition, the present study documents the intrasubject reproducibility of the VEP using two systems in a more detailed manner than has been previously published.7 A knowledge of the range of variability that can occur on different days in the VEP of a normal subject is critical if the results of longitudinal studies in patients are to be interpreted meaningfully.'4 '5 The present study has not established that the diagnostic yield of the LED stimulator in a patient population is the same as with the mirror-projector system. However, the comparable variances recorded with the two systems suggest that this is likely and, indeed, our subsequent experience indicates that this is so (unpublished observations).
The choice between a LED stimulator and the mirror/projector stimulator for routine use rests on factors other than their reliability and reproducibility. On these other grounds the LED system has clear advantages. The LED system is light, compact and cheap compared with the mirror/projector system. The LED matrix can be positioned easily to accommodate the patient whether he be reclining, supine or upright. The matrix is robust but the translucent screen of the mirror/projector system is easily broken. The response of the LED system is such that the pattern change is practically instantaneous but the mirror/projector system is limited by inertia of the moving parts. The LED system can be driven at very fast rates, well past the frequencies at which the human subject can perceive the reversal and, with it, conditioning-test paradigms and flickerfusion can be studied. Finally. replacement of the globe, replacement of the screen, dust on the globe and decay of luminance as the lamp ages are all stimulus changes that are difficult to control or to correct for in the result of a test. Indeed, our control values for the mirror/projector system have changed in 7 years (during which time the lamp has been replaced four times and the screen twice) from a P100 of 94-8 + 4-12 ms (n = 60) to the present value of 98-2 3-51 ms.
The intrasubject comparisons document the reproducibility of the VEP in individual subjects. In this respect there were, again, no significant differences between the two systems. The range of variability was always less than 7-7 ms in the 10 tests on each of the 10 subjects. It can be concluded that providing testing conditions are identical and the patient co-operative'6 a change in the latency of P100 of 9-10 ms or more is likely to be significant. However, changes less than this can probably be ignored. The average standard deviation for P100 of 1-38 ms (LEDs) and 1-51 ms (mirror/projector) indicate that technical factors contribute little to the variability of P100. Of the 3-94 ms standard deviation for the LED system, 3-69 ms can be attributed to subject variables. This implies that further technical improvements are unlikely to reduce further the standard deviation for this form of testing. Attempts to improve the yield from VEP testing should be directed towards minimising subject variables, such as age7'-17-'1 and sex.
Sex differences in the latency of P100 make a significant contribution to the latency variability of a mixed population. Removal of this contribution by defining normal values for each sex significantly increases the power of the pattern-reversal VEP as a diagnostic tool. Similar results have now been found with three different stimulating systemstelevision,' mirror/projector89 (and present study) and LED (present study)-on a total of 200 males and 204 females. The difference in the "upper limit of normal" of P100 for males and females exceeds one standard deviation of the mean.
The source of the differences in the latency of P100 between males and females has been attributed to differences in size7 and possibly differences in core temperature.9 Size, particularly skull thickness, is probably the major factor in the amplitude differences between the sexes. The female brain is smaller than the male brain, so the conduction pathway is likely to be shorter. However this is unlikely to be the sole factor in the shorter female P100 latency because a significant latency difference disappears after age 50,9 presumably due to menopausal changes. This change in the female P100 latency and the consequent disappearance of the sex-related latency difference may be of relevance when longitudinal studies are being undertaken.
